It h a s been experimentally shown t h a t t h e l e v e l s of multiply charged
i o n s may be e x c i t e d i n t h e process of recharging i n t h e r e g i o n of h o t and dense plasma when a l a s e r flame i s sprayed i n the gaseous atmosphere,
Propagation of a plasma bunch i n a gas i s accompanied by t h e recharging of plasma i o n s on t h e g a s p a r t i c l e s a s well a s by t h e i o n i z a t i o n and e x c i t a t i o n of t h e s e p a r t i c l e s . The gas . i o n i z a t i o n reduces t h e flow of recharged p a r t i c l e s through t h e volume o f t h e plasma bunch and r e s t r i c t s a l i n e a r s i z e of t h e region of recharging [ I , 23, On t h e o t h e r hand, allowance f o r t h e excited s t a t e s o f atoms and i o n s
of t h e gas, a s follows from [ 3J, can r e s u l t i n i n c r e a s i n g a n integr a l cross-section of t h e plasma i o n recharging a s compared t o select i v e processes through t h e ground s t a t e . By our t h e o r e t i c a l d a t a , i n t h e experimental c o n d i t i o n s t h e H-ions o f oxygen n e a r t h e t a r g e t s u r f a c e a r e recharged, mostly, through t h e e x c i t e d s t a t e s o f g a s p a r t i c l e s , A t t h e same time i n t h e l e v e l population of H-ions of oxygen during t h e recharging of oxygen n u c l e i on helium i o n s one can observe t h e s e l e c t i v e process of e x c i t a t i o n [4J, A p o s s i b i l i t y of d e t e c t i n g v a r i o u s e x c i t a t i o n channels i s based on t h e q u a n t i t a t i v e d i f f e r e n c e i n recharging cross-sections. Fluorine experiments have been made i n t h e atmosphere of gases: helium, argon, and neon. A comparison of experimental and t h e o r e t ic a l r e s u l t s a l s o confirmed t h e c o n t r i b u t i o n of cascade processes i n t h e population of lower-lying l e v e l s of H-ions of f l u o r i n e . The experimental s e t u p comprised a neodymium-glass l a s e r system, a vacuum chamber, and an X-ray spectrograph on a KAP c r y s t a l 4 , A s a t a r g e t we used Be0 and F,C, The g a s p r e s s u r e i n t h e chamber was the observed i n t e n s i t i e s of resonance l i n e s of t h e He-like oxygen i o n s on t h e d i s t a n c e from t h e t a r g e t s u r f a c e (1) f o r two c a s e s of 2 plasma spray: i n vacuum and helium; Im= I ( l s -I snip). For t h e dependence 13/12 = f ( 1 ) near t h e t a r g e t s u r f a c e t h e q u a n t i t y 13/12 grows f o r t h e c a s e of plasma s r a y i n helium, f o r t h e r e s t p a r t t y p i c a l i s t h e elation: 1~/ 1~? i n g a s ) 6 J3/12(in vacuum).
W r 14/13 = f ( l ) t h e i n v e r s e r e l a t i o n i s mostly r e a l i z e d up t o d i s t a n c e s 1s 1.2 m, wtth t h e f u r t h e r i n c r e a s e of 1 t h e q u a n t i t y 14/13 become s smaller f o r t h e c a s e of plasma spray i n a gas. + ~e ? 08' + He -o6+(n=3, nr=41 + ~e + ' C63, the denominator allows f o r the e f f e c t of the s t a t i s t i c a l weight of the t r i p l e t system.
The f a c t o r K << 1 r e f l e c t s the f a c t t h a t near the t a r g e t surface the width of the recharging region i s much l e s s than the l i n e a r s i z e of the plasma bunch. The r e l a t i o n between the recharged l a y e r width and the l i n e a r plasma s i z e can be estimated from the r e l a t i o n between the f r e e path length of a He i o n i n the plasma on the i o n i z a t i o n equal to (KS)-!V and the quantity c. v, where % i s the density of electrons, S i s the i o n i z a t i o n r a t e of ~e + , Z i s the l a s e r pulse duration. For the f i r s t experimental point from t h e target surface we take the following values of the p l a m a parameters: $=1020 c~n -~, Te=175 eV, N(OVII~/N(OVII)=~.~. The electron temperature and the ion composition of the plasma approximately correspond t o the experiment a l measurements, the quantity Ne characterizes the s p a t i a l l y averaged value of the e l e c t r o n density from the r e s u l t s of r e f .C73.
It has turned out t h a t the average population of t h e n=3 O V I I l e v e l i n the bunch volume during the recharging process i s an order a s l i t t l e a s t h a t caused by the e x c i t a t i o n processes i n the plasma. An e f f e c t i v e cross-section of recharging of about 2x10-I cm2 i s required f o r achieving the e x c i t a t i o n r a t e of the n=3 l e v e l t h a t i s i n confomity with experiment, This i s supposed t o be r e a l i z e d through cascade t r a n s i t i o n s a f t e r recharging of t h e O V I I I i o n s v i a excited s t a t e s of atoms and i o n s of helium. T h i s supposition agrees qualqtatively with the r e s u l t s of ref.L33
, the f r e e path length of the He i o n i n plasma during the recharging remaining several times l a r g e r than t h a t duri n g the ionization. Also we should note t h a t with an increase of the distance from the t a r g e t surface the r o l e of the excited gas parti c l e s diminishes, the r o l e of the s e l e c t i v e processes grows, a s the speed of motion of a plasma bunch increases with a decrease i n temperature and electron density. The second important item i n i n t e r p r e t a t i o n of the experiments i s bound up with the f a c t t h a t an increase of the quantity 13/12 near the t a r g e t surface f o r the case of plasma spray i n a gas may be observed only with a considerable e x c i t a t i o n exchange between the t e r n s of the n=3 level. Otherwise the e x c i t a t i o n w i l l be preferen-1 t i a l l y t r a n s f e r r e d from the 3 '~~~ 3 So O V I I l e v e l s t o the Z'P, l e v e l , which r e s u l t s i n increasing an i n t e n s i t y of the resonance luminescence from t h i s l e v e l and decreasing the r a t i o 13/12. The relevant data f o r c a l c u l a t i n g the p r o b a b i l i t i e s of c o l l i s i o n a l trans i t i o n s between sublevels have f a i l e d t o be found. A s f o r t h e s t a t e 1 mixing through the Stark broadening of the 3 PI l e v e l , here the situ a t i o n i s presented i n the following way: with 10e=5x1020 cme3 and Te=175 eV a halfwidth of the Stark broadening of the 3 '~~ l e v e l i s 1 1 about 0.3 eV, an energy gap between the 3 PI and 3 D2 l e v e l s i s 0.33 1 eV, between 3' p1 and 3 So -1.3 eV L8, 97. For the l e v e l with the main quantwn number n=4 the energy dlstgnces between the t r a n s i t i - = f ( 1 ) f o r the case of plasma spray i n a gas can be explained by using the r e d i s t r i b u t i o n of additional population of l e v e l s with n=3, 4 over the lower-lying sublevels a t t h e expense of the recharging processes, Figure 3 shows t h e experimental dependences 14/13=f(l) of the r a t i o of the resonance l i n e i n t e n s i t i e s of an H-ion of f l u o r i n e f o r plasma spray i n vacuum and i n gases (helium, argon, neon); 1 4 = I ( l s -4p).
Noteworthy i s an increase of the quantity 14/13 f o r piasma spray i n gases a t a distance from the t a r g e t s u r f a c e ' l 5 1 mm. An a n a l y s i s of t h e recharging cross-sections (see Fig. 4 ) shows t h a t s e l e c t i v e e x c i t a t i o n of the n=4 P I X l e v e l i s provided by the processes . Recharging on the gas atoms i s e f f e c t i v e f o r higher-lying l e v e l s of an H-ion of f l uorine. A s i g n i f i c a n t q u a n t i t a t i v e difference i n the recharging cross-sections f o r d i f f e r e n t gases with the comparable experimental run of the curves 14/13=f(He, AP, Re) i n d i c a t e s , a s we think, the c o n t r i b u t i o n of excited s t a t e s t o t h e mechanism of l e v e l population of m u l t i p l y charged i o n s based on t h e recharging process. I n conclusion we should note t h a t e x c i t a t i o n of m u l t i p l y charged i o n s through h i g h e r l y i n g energy l e v e l s i n c r e a s e s t h e l i f e t i m e of an i o n i n t h e excited s t a t e . Owing t o t r a n s i t e f f e c t s , t h i s r e s u l t s i n more uniform e x c i t a t i o n of t h e volume of a plasma bunch,
